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Human participants donated saliva samples before and after viewing a ten-minute 
slideshow presenting disease stimuli. Much to our surprise, this research found cortisol 
decreased upon the visual perception of a disease threat, a response depicting the 
physiological consequences of Behavior Immune System activation. Even subliminal 
exposure to disease stimuli, totaling only 0.5 seconds over the ten-minute slideshow, was 
found to elicit a cortisol response. 
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Human Vision Inspires Cortisol and Immune Behaviors 
 
“From the brain, and from the brain only arise our pleasures, joys, laughter 
and jests, as well as our sorrows, pains, griefs, and tears. Through it . . . we 
think, see, hear, and distinguish the bad from the good, the pleasant from 
the unpleasant . . . It is the same thing which makes us mad or delirious, 
inspires us with dread and fear . . . brings sleeplessness, inopportune 
mistakes, aimless anxieties, absent-mindedness, and acts that are contrary 
to habit” (Hippocrates, 400 BCE). 
 
“Your mind is in every cell of your body” (Candace Pert, 21st Century). 
 
The mind is the body. The philosophies above guided the biopsychological 
research into The Behavioral Immune System that follows.  
The Behavioral Immune System (BIS) is an evolutionary adaptation that detects 
potential disease threats in our environment and triggers behavioral avoidance of these 
threats (Miller & Maner, 2011; Schaller & Park, 2011; Tybur, Frankenhuis, & Pollet, 
2014). Mark Schaller’s theory of the BIS has inspired scientists around the world to take 
up research in its name, generating six empirically based articles over two years in the 
journal of Evolution and Human Behavior alone (Gangestad & Grebe, 2014). The BIS 
may be considered the psychological component of our physiological immune system. 
Biopsychological consequences of BIS activation were partially explored when 
Schaller and colleagues (2010) presented participants with ten-minute slideshows of 
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stimuli depicting guns pointed at the participant or stimuli depicting diseased individuals. 
The guns condition caused a non-significant elevation of Interlukin-6 (IL-6): a chemical 
messenger released to provoke a pro-inflammatory immune response. This negligible 
6.6% rise in the guns condition is starkly contrasted by the significant 23.6% elevation of 
IL-6 that participants experienced when exposed to the disease stimuli (Schaller, et al., 
2010). Using IL-6 biomarkers, this research validates that activation of the BIS via visual 
perception results in a protective elevation of IL-6 via the physiological immune system. 
Schaller states that, “These effects are mediated by hormones such as cortisol . . .” (p. 
649). That was the catalyst for our extension of Schaller’s research.  
We replicated the ten-minute slide show method used by Schaller, but analyzed 
the cortisol response rather than IL-6. In addition, we manipulated the amount of time 
each stimulus was exposed onscreen across five experimental groups. The five time 
exposure groups varied from subliminal exposures to the eight-second exposures used in 
the seminal study (Schaller, et al., 2010).  
Cortisol is an anti-inflammatory steroid hormone secreted when HPA stress axis 
activation occurs. Cortisol’s activation is directly linked to theories of behavioral 
avoidance (Leshner, 1978). Cortisol enhances our visual systems to better attend to 
threatening cues (Schilling, Larra, Deuter, Blumenthal, & Schächinger, 2014). 
Additionally, cortisol primes IL-6 for an enhanced immune response (Frank, Watkins, & 
Maier, 2013; Schilling, Larra, Deuter, Blumenthal, & Schächinger, 2014). These 
properties in combination reinforce the definition of the BIS and demanded investigation. 
We hypothesized that visual perception of disease stimuli would inspire cortisol to 
elevate due to activation of the BIS. We also hypothesized that the level of cortisol 
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secreted across exposure time conditions would escalate in a linear manner in longer 
exposure conditions. We expected no activation in brief exposure conditions. 
What makes matters complicated is that IL-6 is a cytokine that is sometimes pro-
inflammatory, where cortisol is always anti-inflammatory, making the way in which 
these two biological variables interact with one another multifarious (Scheller, Chalaris, 
Schmidt-Arras, & Rose-John, 2011; Sorrells & Sapolsky, 2007). The HPA axis, which 
elicits cortisol, must coordinate with the innate biological immune system, which elicits 
IL-6 (Ulrich-Lai & Herman, 2009). We are compelled to examine how the human body 
may accommodate this potentially paradoxical combination of anti-inflammatory and 
pro-inflammatory influences when an individual detects disease in stimuli. 
What the BIS detects as diseased may not be. This most notably occurs when we 
BIS perceives an individual as diseased, when in reality they pose no threat of infection 
to us (Schaller & Duncan, 2007). This type of false-positive threat error is considered a 
maladaptive generalization of the BIS. A system built to protect us from disease is 
mistakenly activated in a manner that divides us socially (Gangestad & Grebe, 2014). 
Maladaptive generalizations of the BIS have been found to target the disabled, the obese, 
and those we perceive as foreign to our anticipated local population (Navarrete & Fessler, 
2006; Park, Faulkner, & Schaller, 2003; Park, Schaller, & Crandall, 2006). It is likely that 
the BIS errs on the side of false-positives, trading off social cohesion to prevent the 
extreme costs incurred by the body if an actual disease infects it (Schaller & Duncan, 
2007). 
 We embark on this research to better understand how adaptation has fostered a 
psychological / physiological system that has protected us from pathogen threats for over 
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200,000 years. Hormones, disease, evolution, stress and far more is explored as we 
research how human vision inspires cortisol and immune behaviors. 
 
The Behavioral Immune System 
The physiological immune system engages disease threats, via innate immunity 
and/or acquired immunity, only once the disease pathogens have entered our body. The 
psychological dimension of our immune system (the BIS) is a regarded as a crude first 
line of defense against disease threats, one that has promoted the survival of our ancestors 
throughout our evolution (Schaller & Park, 2011; Neuberg, 2014). We explore the BIS in 
the following section, and focus on the dimensions of it pertinent to our research. 
 Theory of the BIS has inspired empirical research in macro, interpersonal and 
individual contexts (Gangestad & Grebe, 2014; Tybur, et al., 2014). Macro level research 
includes a recent analysis investigating whether the Ebola outbreak had an impact on 
conservative voting behavior during Federal elections (Beall, Hofer, & Schaller, 2016). 
Interpersonal research includes hypotheses that liberal BIS generalization may instigate 
xenophobic attitudes (Faulkner, Schaller, Park, & Duncan, 2004; Fessler & Navarrete, 
2005; Schaller, Park, & Mueller, 2003). The individual research context cannot be better 
exemplified than in Schaller’s 2010 IL-6 research, demonstrating that the perception of 
disease promotes a physiological immune response. The focus of our research is currently 
fixed in this last context. 
 The BIS may trigger reactive avoidance and/or proactive avoidance to assist us in 
the evading potential disease threats, the former associated with reflexive disgust and the 
latter associated with activating conscious cognitive strategies (Lieberman & Patrick, 
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2014; Schaller, 2014). Our research addresses the former, reflexive disgust elicited by 
disease stimuli and disgust’s consequences on our physiology. 
 The disgust response is often addressed in research independent of the BIS 
(Prokop & Fančovičová, 2010; Tybur, et al., 2014). This research is often identified as 
the study of pathogen disgust, or just simply disgust. Where BIS theory addresses both 
reactive and proactive avoidance, these theories confront the reactive aspects. Where the 
BIS and pathogen disgust find strong agreement is in the claim that disgust is an 
adaptation that has enhanced the fitness of human beings through the avoidance of 
disease threats, hardwired in our mind by the forces of evolution (Curtis, Aunger, & 
Rabie 2004; Prokop & Fančovičová, 2010). 
 Disgust and the BIS are enduring traits of the human mind that may be shared by 
all individuals, independent of culture and geographic location (Curtis, et al., 2004). 
Disgust ratings of visual stimuli depicting disease threats were found to be consistent 
across all regions of the world by Curtis and colleagues in a 2004 web-based experiment 
providing data of over 40,000 international participants. We are globally united in our 
aversion to disease, in our disgust, and in its universally beneficial abilities to promote 
our survival. How we may witness this extraordinary reflex within the physiology of the 
human individual, and how that physiology is inexorably linked to the mind, are the 
primary questions confronted in our research. 
 For a more complete account of the BIS and its implications, we recommend 
referencing Schaller and Duncan’s 2007 text book chapter on the BIS in Evolution and 
the Social Mind: Evolutionary psychology and social cognition (Forgas, Haselton, & Von 
Hippel, 2011).  





As discussed previously, Schaller, et al. 2010 research revealed evidence that, 
“These results provide the first empirical evidence that visual perception of other 
people’s symptoms may cause the immune system to respond more aggressively to 
infection” (Schaller, et al., 2010, p. 652). 
 Schaller and colleagues demonstrate that threatening stimuli void of disease cues 
do not produce IL-6 elevation. Only stimuli containing highly salient disease cues 
triggers this elevation. Schaller’s findings imply that the BIS not only protects the 
individual via cognitive and behavioral pro-active avoidance, but that the visually 
perceived disease threat reactively triggers an internal innate immune system reaction to 
internally protect the individual from contagious pathogens. 
 
Adaptive and Maladaptive Generalization 
Maladaptive generalization of the BIS to individuals who pose no disease threat 
has been of great concern (Fessler & Navarrete, 2005; Park, et al., 2003; Park, et al., 
2006; Schaller & Duncan, 2007). The stigmatizations and negative attitudes perpetuated 
by BIS maladaptive generalizations socially divide us. 
 A rose was presented to an asthmatic individual with an allergy to roses, and it 
may not surprise you that the individual suffered a histamine attack. What may be 
surprising is that the rose that inspired the histamine attack was fake (MacKenzie, 1886; 
Russell, et al., 1984). It is adaptive to generalize our sensitivity to physiologically 
threatening cues in this manner, for although the rose was not real, it would be better to 
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activate an immunological response when not necessary than it would be to suffer the 
higher physiological costs of not responding to the threat cue. The presence of an allergen 
is one thing, but considering the cost may be death if we contract a communicable 
disease, false-positive activation of the immune system is a negligible cost in comparison. 
 This evolutionary adaptive generalization of the BIS has helped protect our health 
for hundreds of thousands of years, but when the BIS is revealed in a modern (culturally 
integrated) context, we find this liberal generalization to be maladaptive in many ways. 
We perceive many individuals to be a disease threat when they are not; including the 
disfigured, the disabled, the obese, and individuals who are of ethnicities we do not 
anticipate encountering in our local populations (Fessler & Navarrete, 2005; Gangestad & 
Buss, 1993; Gangestad, Haselton, & Buss, 2006; Park, et al., 2003; Park, et al., 2006; 
Schaller & Duncan, 2007). These generalizations are socially maladaptive. The BIS 
promotes avoidance and stigmatization of all these groups, groups whose presence is 
inherent in all human populations. 
 Although maladaptive generalizations are not a concern of our current research, 
we have intentions of integrating the phenomena in our future endeavors. 
 
IL-6 & Cortisol 
IL-6 and cortisol are often in opposition when it comes to inflammatory 
properties, but certainly have been found to co-activate under certain circumstances 
(Brydon, et al., 2009; Frank, et al. 2013). We must explore the two separately before we 
may understand how they may interact with one another. 
 




IL-6 is pleiotropic cytokine secreted by T-cells and macrophages to activate the 
immune system. To promote inflammation, the tunica media of most blood cells may also 
secrete IL-6. IL-6 was once considered purely pro-inflammatory, but research has 
revealed that it exists as both a pro-inflammatory and anti-inflammatory chemical 
messenger (Scheller, et al., 2011). This is the pleiotropic nature of IL-6. This cytokine 
has a bio-complexity that will not be fully explored in these writings, but we will address 
its general properties and those relevant to our work. 
 Cytokines are a family chemical messengers with able to communicate with 
various cell types to coordinate immune system activation throughout our entire body 
(Sapolsky, 2002). IL-6 communicates peripheral inflammation to the brain to elicit innate 
immune responses and sickness behaviors (Brydon, et al., 2009). These sickness 
behaviors, including hyperalgesia and sleepiness are often accompanied by fever to fight 
off infections and promote survival (Brydon, et al., 2009). 
 As well as being an activator of the immune system, IL-6 regulates metabolism, 
and maintains bone homeostasis. IL-6 assists regenerative processes in the body 
including in the liver, where glycogenesis occurs (Scheller, et al., 2011).  
Both psychological and physiological stressors remove the body from 
homeostasis; both IL-6 and cortisol will be responsible for returning the body to balance 
(Sapolsky, 1994; Simmons & Broderick, 2005). 
 
Cortisol 
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Cortisol is an anti-inflammatory catabolic steroid and is the principle hormone 
produced in the cortex of the adrenal glands. Less than 5% of the cortisol in the human 
body is unbound and active; the remainder is bound to proteins that circulate in our 
plasma (Gonzalez-Alvarez, Navarro-Frontestad, Gonzalez-Alvarez, & Bermejo, 2012).  
 Cortisol is widely known as the stress hormone, but perhaps a more apt label 
would be the stress recovery hormone. Cortisol does not cause stress, but assists us in 
recovering from it, whether that stress in physiological or psychological (Ulrich-Lai & 
Herman, 2009). Cortisol’s responsibility in the HPA stress response will be more 
thoroughly discussed in a following section. For now we will focus on its foundational 
properties. 
As mentioned briefly before, cortisol aims to preserve homeostasis. The 
hormone’s catabolic properties help the body break down lipids and proteins to form 
glucose. These actions help preserve blood glucose levels during physiologically costly 
events. If glucose is being consumed, cortisol will also try to rebalance the body by 
stimulating glycogenesis. Glycogenesis is achieved when cortisol releases stored 
nutrients and reduces them to amino acids, which will be converted to glucose in the liver 
(Sorrells & Sapolsky, 2007). 
 Cortisol exists in a negative feedback loop to ensure that the hormone does not 
over-activate. It crosses the blood-brain barrier to communicate to the hypothalamic 
complex that the time to elicit more cortisol is over. Apart from stabilizing blood glucose 
levels, cortisol also helps maintain proper blood pressure, blood volume, and stimulates 
hunger to replenish these lipids and proteins after its effects terminate (Sapolsky, 1994; 
Sorrells, & Sapolsky, 2007). 
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Cortisol is a potent anti-inflammatory hormone. In reducing inflammation, 
cortisol enables fight / flight responses, but confounds the effects of inflammatory 
mediators of the immune system, leaving the individual at a increased risk of injury and 
infection until cortisol’s effects dissipate (Frank, et al., 2013). When the HPA stress axis 
activates, it demands all of the body’s available energy to execute a fight or flight 
response. This means the deactivation of energy costly systems such as the physiological 
immune system, digestion and body repair. 
Cortisol is part of every day of our life. It is naturally secreted by the adrenals 
throughout the day to its own diurnal circadian rhythm. Upon waking our cortisol levels 
are already higher than they will be throughout the majority of the day. Levels will 
continue to rise in what is considered the cortisol awakening response, until they reach 
their peak concentration (average: 0.49 μg/dL) at approximately thirty minutes after 
waking (Patel, Shaw, MacIntyre, McGarry, & Wallace, 2004; Salimetrics, 2014). For the 
next two and a half hours, cortisol will decline to a concentration of approximately 0.17 
μg/dL. For the remainder of the waking day cortisol will gradually decline till in reaches 
an average concentration of 0.05 μg/dL. Upon waking, this circadian cycle starts anew. 
Our natural diurnal circadian rhythms and the regular activation of the HPA stress 
axis are constructive and healthy for the human body (Epel, McEwen, & Ickovics, 1998). 
Cortisol levels only pose a threat to our physiology when the HPA stress axis is 
chronically activated, causing undue wear and tear on our heart, the weakening of our 
vascular systems, and even the degradation of our memory (Sapolsky, 1994). 
   
Interactions 
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In 2008, Brydon and colleagues administered a typhoid vaccine to human 
participants (n = 59), and then monitored the response of IL-6 and cortisol throughout 
this immune challenge. IL-6 and cortisol were found to co-activate under these 
circumstances. Heightened levels of cortisol were witnessed two hours post-vaccination, 
and levels of IL-6 were found to peak at two hours post-vaccination (Brydon, et al., 
2009). 
 Cortisol has been known to prime IL-6 for enhanced activation (Frank, et al. 
2013). Cortisol sensitizes IL-6 activation via toll-like receptor proteins on central nervous 
system microglia. The sensitization results in an exaggerated secretion of pro-
inflammatory cytokines once anti-inflammatory cortisol levels begin to dissipate (Frank, 
et al. 2013). We find that cortisol inhibits IL-6 in this instance. 
 This inconsistent relationship between pleiotropic IL-6 and anti-inflammatory 
cortisol is obvious in comparing these two pieces of research. Still they co-activate to 
attend to particular immune system threats. We choose to test a hypothesis of co-
activation in our experimentation.  
 First, our hypotheses are based on the activation of IL-6 in Schaller’s 2010 
research. Secondly, they are based on cortisol’s association with behavioral avoidance 
and the hormones ability to exaggerate visual thresholds when attending to threats 
(Leshner, 1978; Schilling, et al., 2014). We explore the latter in the section that follows. 
 
Cortisol and Stress 
To understand how cortisol is a consequence of psychological stress, we must 
review the physiological actions of the HPA axis and how the perception of a disease 
HUMAN VISION INSPIRES CORTISOL AND IMMUNE BEHAVIORS 
 
14 
threat may elicit its activation. We investigate research on how human vision may 
activate this stress response to inspire an elevation of cortisol, how cortisol’s ability to 
enhance our threat detection reflects the roles of the BIS, and how we may measure the 
biomarker cortisol in human participants. 
 
HPA Stress Axis 
Cortisol is elicited via the Hypothalamic-Pituitary-Adrenal stress axis, or the HPA 
stress axis. Neurons in the Paraventricular Nucleus (PVN) release Corticotrophic-
Releasing Hormone (CRH), which signals to your anterior pituitary that it is time to 
secrete Adrenocorticotropic Hormone (ACTH). ACTH then stimulates the adrenal glands 
to produce cortisol. When cortisol’s negative feedback loop reaches the hypothalamus or 
the pituitary gland, it signals to the brain that the secretion of CRH may cease (Gonzalez-
Alvarez, Navarro-Frontestad, Gonzalez-Alvarez, & Bermejo, 2012 ). 
 When the HPA axis is in a resting state it exists in an ultradian cycle. The cycle 
ensures that CRH is released every 60 minutes, producing hourly bursts of cortisol in the 
body (Dedovic & Duchesne, 2012). This mechanic of the human body is what helps 
maintain and adjust cortisol’s diurnal cycle. 
 The HPA axis is responsible for triggering the fight or flight response. To 
facilitate this, cortisol blocks energy uptake to muscles not in use and ushers energy to 
those that will be exercised (Sorrells & Sapolky, 2007). Cortisol inhibits the immune 
system and insulin production, but constricts blood vessels for faster transportation of 
oxygen to the muscles necessary to run or rumble (Asterita, 1985). 
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 Stress that activates the HPA axis can be experienced in two ways. Physiological 
stressors, such as exercise or injury, may activate the HPA axis in the form of 
interoceptive cues (signals from within the body). These cues travel to the brain through 
the autonomic nervous system to prompt quick physiological changes, such as excitement 
of the cardiovascular system to increase heart rate or blood pressure (Ulrich-Lai & 
Herman, 2009). Psychological stressors, such as fear and anticipation, also activate the 
HPA axis in the form of introceptive or exteroceptive cues (cues from outside the body). 
The latter opens us to the possibility that human vision may play a causal role in the 
activation of the HPA. 
Does human vision inspire cortisol elevation?  In 2007, Barcellos and 
colleagues visually exposed zebrafish to predators held in adjacent tanks. The zebrafish 
were frozen post-exposure before whole-body cortisol was analyzed using a BioChem 
ImmunoSystems ELISA assay. The researchers found that visual exposure to the predator 
caused an elevation of cortisol in the prey when compared to control fish (p < 0.01; n = 
18). 
 There is little research on the effects that human visual perception can have on 
cortisol secretion. The research that does exist linking the two has been performed on 
phobic patients, using neutral stimuli and stimuli depicting their phobias (Fredrikson, 
Sundin, & Frankenhaeuser, 1985). Fredrikson, et al. did indeed demonstrate that the 
phobic slides elicited elevated cortisol secretion, but generalizing the reactions from the 
phobic population would be a misstep. Further research has demonstrated that phobic 
patients have exaggerated cortisol variations very different from those experienced by the 
average individual (Furlan, DeMartinis, Schweizer, Rickels, & Lucki, 2001). 
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 Administering hydrocortisone to human participants has direct implications on 
vision, perhaps through the retinohypothalamic tract (RHT). It is of importance to 
remember that these results do not explicitly reveal that human vision can be a causal 
mechanism for the natural secretion of cortisol, but rather that the addition of synthetic 
cortisol causes a direct impact on vision (Schilling, et al. 2014). 
 Even with this lack of evidence, the link between visually perceived stressors and 
a rise in cortisol is often assumed. We will literally test this assumption. 
Threat detection. Given that the BIS relies on visual threat detection often, it 
behooves us to consider how cortisol plays a role in enhancing our detection of these 
threatening cues. Eleven minutes after being administered 5mg of the pharmaceutical 
cortisol hydrocortisone, in Schilling and colleagues 2014 experiments, participants 
provided empirical evidence of amplified sensory thresholds, enhanced psychomotor 
reactions, and manual reaction time upon seeing a visual target accelerated. Cortisol 
sponsors the magnification of automatic reflexes to protect us against threatening stimuli 
(Schilling, et al., 2014). 
 Cortisol elevation in human saliva. A change in cortisol levels may be detected 
in human saliva ten to thirty minutes post-HPA-activation (Dedovic & Duchesne, 2012). 
Although cortisol does not cause stress, it may be employed as a biomarker with which 
we may measure activation of the HPA stress response. These quick changes in salivary 
cortisol enabled the experimental manipulations employed in our research. 
 
Hypotheses 
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Our experimental hypotheses were as follows: 1) Human visual perception of 
disease stimuli will elevate salivary cortisol levels between pre-slideshow and post-
slideshow saliva samples, 2) Exposure time, or the duration of time each stimulus is 
displayed onscreen during the slideshow, will be positively correlated with the magnitude 
of salivary cortisol variation between pre-slideshow and post-slideshow samples, and 3) 
The subliminal exposure condition will not inspire any cortisol variation between pre-
slideshow and post-slideshow saliva samples. None of these hypotheses would prove to 
be accurate, but what the results suggest is compelling and will soon be addressed. 
 
Methods 
A total of sixty-one Hamline students participated in our experiment in exchange 
for extra credit. All stimuli and procedures were approved by the Hamline University 
IRB. Participants donated a saliva sample before and after viewing a ten-minute 
slideshow exhibiting stimuli donated by UBC’s Mark Schaller from his IL-6 experiment 
in 2010. Several new disease photos were adopted to balance the gender and ages 
depicted in Schaller’s original stimuli. The stimuli were cropped to standardized size and 
orientation at 6” x 4”. 
The orders in which the stimuli appeared were randomized using a Latin square 
design for each individual slideshow. All slideshows were constructed in Microsoft 
PowerPoint. Slideshows were standardized at ten minutes, the amount of time necessary 
to detect concentration changes in salivary cortisol (Ulrich-Lai & Herman, 2009). An 
electronic questionnaire was completed upon donation of the second saliva sample, but 
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due to a lack of any significance, this data was not used and will only be referenced once 
more in the experimental protocol section of this report.  
Participants were randomly assigned to one of six exposure groups: control, 10ms 
exposure group (subliminal), 40ms exposure group (supraliminal), 400ms exposure 
group, 4.0s exposure group, and a 8.0s exposure group. Subliminal and supraliminal 
exposure times were adopted from Cornell’s 2005 subliminal persuasion laboratory 
manual.  
Regardless of exposure group, all participants were presented with fifty stimuli 
over the ten-minute slide show depicting superficially diseased individuals (figure 1.1) 
and individuals engaging in disease behaviors (figure 1.2), with the exception of the 
control group, who viewed stimuli depicting furniture (figure 1.3). Blank screen time 
between stimuli was standardized at four seconds. Neutral gray slides appeared in place 
of true stimuli for exposure groups below eight-seconds to ensure the slideshow would 
last the full ten-minutes and would present only fifty true stimuli. The gray slides 
exposure onscreen was congruent with the time true stimuli were exposed in each 
slideshow. Gray slide placement was calculated using a Microsoft Excel spreadsheet to 
determine the uniform patter in which they would appear (e.g. Appendix A).  
Figure 1.1 
  









Slideshows were presented to participants using an Apple Inc. Macbook® on a 
12” retinal screen. The participant’s distance from the screen was standardized at twenty 
inches using blocking tape for proper computer and office chair placement. A five-minute 
relaxation exercise was conducted on the same computer. Participants watched video of 
an animated lake sequence accompanied by nature sounds from the website calm.com 
before donating their first saliva sample (Smith & Tew, 2012). Sony MDR-ZX100 
headphones were worn during the relaxation exercise. 
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Experimentation was conducted in an 8’6” x 9’ white room at Hamline 
University. Sound deadening headphones, with a sound reduction rating of 30dB, were 
worn by participants while viewing the slideshows to isolate them from auditory 
confounds. 
Saliva was collected using oral swabs and storage tubes supplied by Salimetrics 
LLC, and in accordance with their 2014 protocol (Carlsbad, CA). Saliva was immediately 
stored following donation at -20°C in a Criterion™ freezer unit positioned behind the 
participant (model: CCR312DCE1B). 
 
Procedure 
Participants were provided with a set of pre-experimental instructions: 1) You 
may not eat food, use tobacco, or chewing gum for two hours before the experiment, 2) 
You must be awake for two hours before the experiment, 3) You may not consume 
alcohol for 12 hours before the experiment, 4) Rinse your mouth with water ten-minutes 
before your appointment time. 
 The experimenter carried a folder-bound hard copy of the experimental protocol 
at all times to reduce the risk of treatment confounds and to prevent deviation from the 
prescribed steps. All questions and instructions directed at the participant were read 
verbatim from off the hardcopy of the protocol. 
 Upon arrival, the participant was greeted in a common area of the psychology 
department before being ushered into the lab. Once in the lab, the participant were 
advised to carefully read the informed consent and to sign it after if they were 
comfortable participating in the experiment (Appendix B). Although included in the 
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informed consent, participants were also verbally assured that they could end their 
participation at any time without penalty. 
 Participants were asked to turn off any cellular devices and to remove all devices 
from their pockets until the end of the experiment. The experimenter requested that the 
participants refrain from discussing the experiment with friends and acquaintances until 
the results are posted at the end of the school year. 
The participants were then instructed to use headphones while watching five-
minutes of an animated lake sequence with nature sounds to neutralize the participant’s 
mood (Smith & Tew, 2012). Next, the participant was instructed to hold an oral swab 
under his or her tongue for two minutes. The oral swab was then spit into its storage tube 
and immediately placed in a refrigerator positioned behind the participant by the 
experimenter. 
 The participant was then asked to wear sound-deadening headphones and to 
watch a randomized slideshow. While the slideshow played, the experimenter remained 
seated outside of the participant’s visual field. Upon completion of the slideshow, the 
participant donated a second saliva sample. The participant was then asked to fill out a 
brief electronic questionnaire designed in the Google Drive of the lab’s email account. 
The participant was then offered candy or gum before being debriefed. 
 
Exclusion criteria. Exclusion criteria were addressed after each potential 
participant had completed the informed consent. If a participant did not adhere to the pre-
experimental instructions, was not eighteen years of age or older, had a visual impairment 
uncorrected by eyewear, had an autoimmune disease, was epileptic, or suffered from 
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PTSD, the participant was not eligible to participate in the experiment and was politely 
excused. 
 
Salivary Cortisol Assay  
Saliva samples were assayed in the Hamline University immunology lab under 
the training and supervision of Dr. Ferguson – Stegall, Director of Public Health 
Sciences. The assay was performed using Salimetrics salivary cortisol ELISA 
immunoassay kits. The Salimetrics kit’s cortisol sensitivity was 0.104 μg/dL - 
1.017μg/dL. All assay procedures we conducted with strict adherence to Salimetrics 
salivary cortisol protocol (2014). 
 Samples were assayed in duplicate. Any duplicate set with a concentration 
variation above 15% was excluded per Salimetrics recommendations, decreasing our 
population from an n = 61 to an n = 45. All plates had an R2 value of .995 or higher. All 
plate reader csv files were analyzed using myassays.com before being converted to 
Microsoft Xcel documents to be used for further data analysis (MyAssays Ltd., 2012).  
 
Results 
A 6 x 2 mixed ANOVA confirmed that, in all exposure conditions apart from the 
control group, salivary cortisol decreased upon visual perception of disease stimuli in a 
sample of 45 human participants (F1,39 = 5.08, p =.03, ƞ
2 =.10) 
Figure 2.1 






 There was no significant difference between the pre-slideshow saliva samples and 
post-slideshow samples of the control group. The significant decrease in cortisol in all 
other exposure conditions is clearly illustrated in figure 2.1. 
 Any pre-slideshow saliva samples with concentrations higher than 1.0μg/dL were 
excluded per Salimetrics recommendations, bringing our sample from an n = 45 to an n = 
29. At a pre-slideshow concentration of 1.0 μg/dL or above, the Salimetrics kit runs the 
risk of not detecting an elevation in salivary cortisol for the participant, thus may be 
confounding our analysis given the kit’s sensitivity of 1.017μg/dL ± 0.254. 






The results of this adjustment still provide evidence that cortisol decreased across all 
exposure groups besides the control condition, with no differences between groups (F1,23 
= 8.21, p =.009, ƞ2 =.20). The effect size is doubled in the adjusted sample. The 
significance of the variation between pre-slideshow and post-slideshow cortisol measures 




Across all exposure conditions, including the subliminal, cortisol is shown to 
uniformly decrease in our participants who viewed ten-minute slideshows depicting 
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disease stimuli. What makes these findings particularly important is the fact that our 
control condition showed no decrease, while the experimental conditions did. We did not 
find what was expected, but what we found may still go towards illuminating the 
behaviors of IL-6 and cortisol when confronted with a unique challenge: activation of the 
BIS. Although much replication is necessary to substantiate the validity and reliability of 
our results, we are still motivated to speculate as to what the implications of these results 
may be if they were substantiated. 
 
Post-Experimental Hypothesis 
Our hypothesis that cortisol would increase was not supported. Our hypothesis 
that exposure time onscreen would vary the magnitude of cortisol secretion was not 
supported. Our hypothesis that there would be no cortisol response in the subliminal 
condition was also not supported. We are compelled to understand why this is the case. 
 We invested in the notion that IL-6 and cortisol would co-activate. Now that the 
hypothesis has not been supported, we chose to consider an alternative interpretation 
from material explored in the interactions of IL-6 and cortisol. If an antagonistic 
relationship between the pro-inflammatory version of IL-6 and anti-inflammatory cortisol 
exists in the physiological state inspired by ten-minute exposure to disease, we may 
generate a new hypothesis post hoc. 
 The post-experimental hypothesis is as follows: upon visual perception of a 
disease threat, anti-inflammatory cortisol reduces to accommodate the rise and 
immunological protective properties of pro-inflammatory IL-6. We may trade-off the 
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activation of the HPA stress axis and perceptually enhancing properties of cortisol, for 
the immunologically protective elevation of IL-6. 
 If an imminent threat of infection were present in our environment, it would be 
sensible to propose that an immediate immunological boost would be more valued than 
HPA-activation. In light of our results, further exploration of this possibility must be 
perused. 
 
Potential Experimental Confounds 
Several potential experimental confounds should be explored. It is possible the 
disease stimuli did not elicit a strong enough reaction in the HPA to inspire variation of 
cortisol. Although our results indicate that there was a reaction is indeed separate from 
the experience of the control condition. 
 Residual stress being experienced by participants may be contaminating the 
results. Although the experimental conditions contrasted with our control do not suggest 
this, there remains a possibility that stressors of a greater magnitude experienced earlier 
in the participant’s day caused a reduction of cortisol levels while in the experiment. If 
the stimuli cannot contend with prior stressor experienced, cortisol would likely decrease 
during the perception of the stimuli. 
 The five minute animated lake sequence with nature sounds may have been 
stressful, which may cause a reduction rather than a rise in cortisol. Because the control 
condition also experienced the same lake sequence and did not experience cortisol 
reduction, it seems unlikely that it had this effect is confounding the results, but should be 
noted. 




Stress Theory and Cortisol Reactivity in Humans 
Research conducted on the HPA axis originated in animal models, such as the 
research presented on zebrafish earlier (Barcellos, et al., 2007). Stress induction 
techniques involving animal models often employ extraordinary stressors like tail shock, 
status threat, and predator threat. Similarly, the human stress response has focused on 
largely on extreme stressors as well. 
 Chronic stress, social evaluative threat and status pressures are hallmark topics 
addressed by the vast majority of HPA stress axis research (Sapolsky, 1994; Saxbe, 2008; 
Smith & Jordan, 2015). There is no contending that these stressors elicit HPA activation 
and elevate cortisol. The most popular method of stress induction that will elicit HPA 
activation is the Trier Social Stress Task (TSST). A participant is asked to solve math 
problems and give speeches while being watched by an intentionally unresponsive 
audience (Steptoe, Hamer, & Chida, 2007). Public speaking is well known to be a fear 
greater than death in the general community, so it is no wonder that this stressor elicits 
such a consistent response.  
 The TSST is a valuable tool in studying rapid activation of the HPA. In the 
context of our research, the first issue we take with the TSST is that it is not reflective of 
how stress is experienced in our everyday lives where we confront stressors of varying 
intensities, in varying environments, and in varying ways (Saxbe, 2008). The second 
issue is that literature on the stress response is dominated by TSST and can be terribly 
misleading to researchers (Kudielka, Schommer, Hellhammer, & Kirschbaum, 2004; 
Schwabe, Haddad, & Schachinger, 2008; Smith & Jordan, 2015; Steptoe, et al., 2007). 
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The temptation to generalize these acute stressor results to other stressors of a lesser 
magnitude, can lead to poor assumptions (i.e. cortisol will elevate if you confront 
unexpected traffic on your way to work). Researchers often trust that, although we may 
not elicit a cortisol response that as dramatic in the presentation of a low-magnitude 
stressor, we may still use salivary cortisol to detect smaller elevations in cortisol 
indicative of stress (Saxbe, 2008). 
 Our research does not support the assumption that high-magnitude and low-
magnitude stressors will both elicit cortisol elevation. Our stressor, lower in magnitude 
than the TSST, elicited a drop in cortisol. More research is necessary on every day, low-




Our greatest priority is to replicate and substantiate the results of this experiment, 
although there is one other avenue of inquiry that is extremely important to us: Do we see 
the homeless as diseased? 
 Do we experience a maladaptive generalization of the BIS in regards to the 
homeless? Results confirming other maladaptive generalizations have been found, but no 
other generalization may carry as much weight as this one. We develop government 
programs, as well as many government-independent initiatives to raise awareness of, to 
educate, and to integrate the homeless back into our societies as average citizens. Our 
hypothesis is clearly that the BIS does mistakenly generalize to this population. If results 
were to support the hypothesis, it may inform government policy, social work practices, 
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and could raise awareness surrounding the possible stigmatization of homeless 
individuals based on evolutionary reflexes beyond our control. 
 
Conclusion 
We find that cortisol decreased upon the visual perception of a disease threat, 
perhaps a response depicting the physiological consequences of Behavior Immune 
System activation. Replication is necessary before generalizable conclusions can be 
made. 
 The evolved disease avoidance of disgust is an emotional experience we all share 
regardless of culture and nationality. Our physiology is something we all share as well. 
By understanding the physiological workings of disgust, it allows us to examine a claim 
of the mind rooted in the measurable system of the body. The body is the mind, and this 
has been to our scientific advantage as we have examined how human vision inspires 
cortisol and immune behaviors. 
  




In 2014, Julia Christensen allowed me to assist her in the psychology labs during 
her disease detection research, inspiring me to explore The Behavioral Immune System. 
This opportunity will never be forgotten, nor will the acknowledgement of it end any day 
soon. 
The cortisol assay would never have been possible without the guidance and grace 
of Dr. Ferguson-Stegall. She assisted the coordination of lab space, lab supplies, and the 
collaboration with the wonderful individuals in the Hamline Biology Department. The 
additional support of Kathryn Malody, MS, Dr. Goldberg, and Dr. Martinez-Vaz of 
Hamline University’s Department of Biology was crucial. I would like to thank Anthony 
Wolfe for embarking on his own cortisol analyses in tandem with mine. We would not 
have achieved the same quality of analysis apart.  
Every professor of the Hamline Psychology Department helped encourage the 
student body to participate in exchange for extra credit. This enabled us to run a total of 
116 individuals, an extraordinary amount given the size of the student population at 
Hamline and the time at our disposal. 
There is no single individual who deserves more acknowledgement than my 
collaborator Dr. Matthew H. Olson. His unending support, guidance, inspiration, and 
friendship allowed this research to flourish. I dedicate my work here to Dr. Olson. All he 
has done for me will echo into the remainder of my career and life.  
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Gray Slide Placement Calculations: Example 
(Composed Using Microsoft Excel, 2013) 
    
           Slide # Slide Duration 
        1 Disease 0.04 





   













Blank 99 3.96 




Delay 149 596 




Disease 50 2 
 7 Disease 0.04 
    
Grand Total 298 601.96 
 8 Delay 4 
        9 Blank 0.04 
        10 Delay 4 
        11 Blank 0.04 
        12 Delay 4 
        13 Disease 0.04 
        14 Delay 4 
        15 Blank 0.04 
        16 Delay 4 
        17 Blank 0.04 
        18 Delay 4 
        19 Disease 0.04 
        20 Delay 4 
        21 Blank 0.04 
        22 Delay 4 
        23 Blank 0.04 
        24 Delay 4 
        25 Disease 0.04 
        26 Delay 4 
        27 Blank 0.04 
        28 Delay 4 
        29 Blank 0.04 
        30 Delay 4 
        31 Disease 0.04 
        32 Delay 4 
        For complete calculations, email jolsen15@hamline.edu 












Thank you for helping us with our study. Although you will earn extra credit, your 
participation is voluntary, and you may leave the experiment at any time without penalty.  
  
All information that you provide during the study will be confidential and 
protected.  Your professor will be sent the lower half of this document to record extra 
credit, and then it will be destroy.  No identifying information will be in the anonymous 
database where your experimental results are recorded.  If this research results in 
publications or presentations, no individual participants will be identified.  
 
You will be asked to donate a saliva sample. You will engage in a ten-minute 
computer activity, donate a second saliva sample, and complete an anonymous 
questionnaire.  Please allow yourself to be comfortable in answering all questionnaire items 
honestly. A code, completely independent from your identity, will be used to track this 
information. 
 
The results of our research will be reported before the end of the academic year. 
Any questions should be directed to Professor Matt Olson, Psychology Department 
(mholson@hamline.edu) or 651-523-2430. 
 
To maintain the integrity of our experiment,  





I have read the above and give my consent to participate in this study. 
 
 
______________________________                                           __________________________________ 
 




______________________________                                           ___________________________________ 
 
Print name                                                                         Name of instructor 
 
